Diabetes coaching is emerging as an important role in self-management and care. The conceptualization of coaching, and how to implement and evaluate coaching has not been articulated in the literature. The aim of the study was to review the literature to: (i) identify the components of coaching using a validated framework, including the description of the role of technology; (ii) describe the implementation and evaluation measures for diabetes coaching; and (iii) propose a diabetes coaching model for future implementation. The EMBASE, MEDLINE, Cumulative Index to Nursing and Allied Health Literature (CINAHL), PsychINFO and Cochrane Central Register of Controlled Trials databases were searched from inception to January 2015. Two evaluators independently screened and extracted data from eligible studies for descriptions of coaching. Eight trials met the selection criteria, with no consistency in the core components of coaching. However, elements noted across all studies included goal setting, diabetes knowledge acquisition, individualized care, and frequent follow-up. Only two studies leveraged technology for coaching communication purposes. Diabetes coaching is an intervention that can support the ongoing and complex needs of patients; however, implementation and evaluation strategies are limited in the literature. A diabetes coaching model is presented, derived from components identified throughout the literature with direction for implementation and evaluation approaches, and optimal integration into the healthcare system.
Introduction
Individuals with type 2 diabetes mellitus (T2DM) are responsible for overseeing the day-to-day management of their diabetes; improving their self-management knowledge and skills are foundational to diabetes care. Unfortunately, the engagement of individuals with T2DM in self-management programs has been marred by the following barriers: (i) time-limited education and support; (ii) minimal case management or individualized care; and (iii) limited access and availability of specialized diabetes programs. [1] [2] [3] [4] [5] [6] [7] [8] Diabetes education programs typically offer self-management classes of short duration and generally do not provide long-term support based on an individual's needs and goals. Rather, individuals in need of diabetes education and support turn to other avenues for self-management education and support that may not always be effective (e.g. non-specialized healthcare providers), efficient (e.g. appointment with primary care provider or hospital visit when in crisis), or evidence based (e.g. unreliable websites). 8, 9 A growing body of evidence pertaining to health coaching for chronic conditions, including T2DM, suggests that individuals achieve better health outcomes with health coaching than with traditional education and support programs. [10] [11] [12] [13] [14] [15] Health coaching has emerged from motivational interviewing techniques and has been described as helping the individual to achieve his or her goals by facilitating the learning process within a framework of behavioral change, and by providing support and resources in order to improve a patient's own health. 16, 17 Health coaches support patients by increasing their motivation and enhancing self-efficacy, reducing perceived or real barriers to taking action, promoting problem solving skills, allowing individuals to choose an area on which to concentrate efforts for change, and providing tailored feedback or customized recommendations to individuals who are at risk. [18] [19] [20] [21] [22] [23] [24] Techniques used in the coaching approach include active listening, working with the patient's agenda, recognizing patient beliefs, values and readiness for change, and behavioral change modification. [23] [24] [25] [26] [27] [28] [29] [30] Health coaching has been shown to improve clinical health outcomes (i.e. glycemic control), medication or treatment adherence, healthcare utilization (i.e. emergency department visits), and adherence to evidence-based practices. 9, 16, 17, 31 Despite the increase in literature pertaining to diabetes coaching, the conceptualization of a coaching model, how to leverage technology with this role, and how to evaluate the implementation and effects of coaching have not been articulated in the literature. The aim of the present study was to review the diabetes coaching literature to identify the components of coaching using a validated framework, including the description of the role of technology used to facilitate coaching, describe the implementation and evaluation measures for diabetes coaching and, based on the evidence, to propose a diabetes coaching model for future implementation.
Methods

Search strategy
The search strategy used in the present study was based on a previous review on the effectiveness of diabetes coaching. 31 In consultation with a medical librarian, a search strategy was developed based on an analysis of MeSH terms and key text words from 1946 onwards. A start date of 1946 was intentionally chosen because it would include the inception of various databases. Specifically, the search strategy included combining diabetes coaching terms such as "counseling," "coaching," "diabetes mellitus," "telemedicine," and "consultations" with methodological terms, and the English, published, peer-reviewed literature was searched in electronic databases (MEDLINE, EMBASE, Cumulative Index to Nursing and Allied Health Literature (CINAHL), the Cochrane Central Register of Trials, and PsychINFO. Reference lists from relevant meta-analyses, systematic reviews, and clinical guidelines were also examined. Appendix I includes the full search strategy across the various databases.
Study screening, data extraction, and quality assessment All citations retrieved were reviewed using predetermined eligibility criteria. Studies were included if they written in English, published in a peer-reviewed journal between January 1946 and 20 January 2015 and met the following criteria: (i) were a randomized controlled trial (RCT); (ii) reported data on adults aged ≥18 years with T2DM; (iii) reported a diabetes coaching intervention (in addition to usual care or self-management education or support); (iv) the diabetes coaching was conducted by a health professional; and (v) reported a mean change in glycemic control to assess clinical effectiveness of coaching (i.e. HbA1c). Studies were excluded from the present analysis if: (i) they reported data on subjects aged <18 years or who did not have T2DM; (ii) they reported data on pregnant women; (iii) coaching was not the primary intervention; (iv) they did not report a change in HbA1c; (v) the study was not a RCT or used a quasi-randomization methodology, including cluster randomization; and (vi) there was no statement that informed consent was obtained.
Title and abstracts were reviewed for relevance by the lead investigator and assistants (Virginia Viscardi and Johnny Wei Bai); full text inclusion and data extraction were performed by VV and JWB, who resolved disagreements through discussion. Data were extracted by VV and JWB using a standard format; in cases of disagreements, consensus was reached after discussion. Items extracted pertained to study and intervention characteristics, including implementation and evaluation measures. More specifically, intervention characteristics for each study were extracted using the Template for Intervention Description and Replication (TIDieR) checklist to ensure adequate reporting of the diabetes coaching intervention, including whether technology was used and how. 32 Specifically, the 12-item TIDieR checklist includes: a brief name of the coaching intervention, why and what materials were used, what (procedure), who (provided the procedure or coaching intervention), how, where, when and how much was provided, tailoring, modifications, how well (planned) the procedure was, and how well (actual) the intervention was executed. To identify relevant implementation and evaluation measures for diabetes coaching, an adapted version of the intervention fidelity framework for technology-based behavioral interventions by DeVito Dabbs et al. was used. 33 
Results
Search results
The search yielded 3003 titles and abstracts, with the full text of 420 of these being reviewed ( Fig. 1 ). Of these studies, eight RCTs [34] [35] [36] [37] [38] [39] [40] [41] were identified that met the inclusion criteria. These studies were completed in Turkey, 34 Korea, 35 the US, 36, 38, 40, 41 Finland, 37 and Australia, 39 reflecting different healthcare systems, approaches to diabetes management, and view of patient-centered care and coaching. In the eight studies included in the present analysis, there were 724 participants at baseline (study sample sizes ranging from 18 to 101), with 353 receiving a coaching intervention and 371 receiving usual care (control). The mean age of participants across all studies ranged from 53.1 to 65.8 years (see Table S1 , available as Supplementary Material to this paper).
Diabetes coaching intervention characteristics
Why, what and who Generally, the studies included indicated some training of healthcare professionals for coaching, comprising mainly procedural training in diabetes content areas, motivational inquiry, and behavior change. Using the TIDieR checklist, coaching interventions were extracted to articulate and understand coaching in each study (Table S2 ). The rationale or "why" of the coaching interventions across the included studies was either to directly affect glycemic control 34, 35, 39 or to influence glycemic control and/or diabetes management through self-care behaviors and facilitated behavior change. [36] [37] [38] 40, 41 All eight studies included an education component to coaching; [34] [35] [36] [37] [38] [39] [40] [41] seven studies included a behavioral component 34, [36] [37] [38] [39] [40] [41] and two studies included affective components to improve psychological well being. 38, 41 More specifically, the "what" of the coaching interventions included goal setting and attainment, 34, [36] [37] [38] [39] [40] [41] increasing self-care knowledge 34, 38, 40 individualized care recommendations, [34] [35] [36] [37] [38] [39] [40] [41] and regular and frequent follow-up. [34] [35] [36] [37] [38] [39] [40] [41] Four studies had nurses as coaches; [35] [36] [37] 40 the remaining studies enrolled a dietitian, social worker or psychologist, a medical assistant, and a dentist. 34, 38, 39, 41 Table 1 summarizes the coaching characteristics in each study.
How, where, when and tailoring
Coaching interventions were deployed using various strategies. Telephone-only strategies included multiple sessions with frequency decided upon by either coaches or participants and flexibility in duration, ranging from 15 to 60 min per session. 37, 39, 41 A combination of telephone and face-to-face strategies was used in a staged manner, with coaching commencing with frequent faceto-face sessions, followed by telephone follow-up later in the coaching intervention. 34, 38, 40 Combinations of Internet, telephone, and face-to-face strategies were used with the assistance of decision support platforms (i.e. web-based applications) or the inputting of health parameters, such as blood pressure, to facilitate coaching discussions and interactions. 35, 37 Studies identified that tailoring of coaching interventions occurred as a result of patient needs, 34, 41 patient and provider discussions, [36] [37] [38] [39] [40] based on a physician's assessment. 35 However, none of the studies included discussed why patients discontinued the coaching intervention.
Implementation and evaluation outcomes
Of the eight studies identified, only one identified that modifications were made to the intervention from the original plan. Specifically, the study of Frosch et al. planned to have coaching initiated with participants 2 weeks following enrolment; however, the mean (AE SD) number of days to first contact by a coach was 35.9 AE 32.0 days. 36 No other studies noted modifications to the intended intervention. Moreover, aside from one study, 38 none of the studies examined how the coaching intervention was implemented in the clinical setting. Ruggiero et al. 38 noted that the medical assistant coach was to follow a protocol for adherence and would be examined randomly through audits and observations. However, the authors noted that the proposed interventions were completed only 85% of the time, and coaching protocols were followed 92% of the time. 38 Therefore, only Ruggiero et al. 38 reported any intervention fidelity testing for coaching itself, and none of the coaching interventions that used technology 35, 37 provided any indication of technology intention to use, adoption or acceptance for technology-based behavioral interventions, as suggested by DeVito Dabbs et al. 33 All the studies examined physiological outcomes, such as HbA1c, body mass index, blood pressure, or cholesterol levels. Notably, of the eight studies, six noted a statistically significant reduction in HbA1c, 34, 35, [37] [38] [39] 41 whereas one study noted an increase in HbA1c (0.1%) 36 and another noted a non-significant reduction HbA1c. 40 Only four studies collected data on self-care outcomes, such as dietary patterns, physical activities, medication adherence, or diabetes knowledge. 36, [39] [40] [41] Finally, four studies examined psychosocial outcomes, such as quality of life, empowerment, and diabetes-related distress. 38, 40, 41 
Proposed diabetes coaching model
Although there is limited published evidence of a diabetes coaching model, in addition to the use of technology, a new model for diabetes coaching is proposed to recognize the necessary components and to support implementation and evaluation. Thus, the proposed diabetes coaching model (Fig. 2) comprises: (i) personal case management and monitoring, emphasizing process of care issues and system navigation related to diabetes; (ii) diabetes self-management education and support, highlighting the need for knowledge, skill acquisition, and problem solving related to day-today management; (iii) behavior modification, goal setting and reinforcement, using motivational interviewing and theories to facilitate goal setting, attainment, and behavior change; and (iv) general psychosocial support, leveraging active listening and empathy to provide support. The diabetes coaching model approach is to provide flexibility and personalization, recognizing that all four components are necessary for diabetes management, but that each component may be required in different amounts and time, based on each individual's circumstances. It is also advised that a diabetes coach be a regulated health professional, preferably a certified diabetes educator with training and experience in motivational interviewing and behavior modification. Technology can be leveraged to facilitate each component of the diabetes coaching model, either for the purposes of communication for education or support (i.e. text messaging, videoconferencing) or for monitoring and observations of real-time biometric data (i.e. fitness-tracking devices or glucose meters). Finally, computer programs or smart phone applications are also available to assist the diabetes coach in triaging the frequency and/or intensity of follow-up, thus offering timely and relevant interactions based on an individual's needs.
Finally, with articulation of the necessary components of diabetes coaching, it is straightforward to envision the outcomes that may be assessed with each component. For personal case management and monitoring, process outcomes may detect the effects of coaching on this particular component, such as completion of necessary laboratory blood work, vaccinations obtained, or completing necessary foot assessment. For self-management education and support, outcomes that would reflect this cognitive component of coaching may include summary scales of self-care or knowledge. For behavior modification, outcomes that would highlight changes may include dietary pattern scales, physical activity levels (i.e. accelerometers), or achieving goals. Finally, for the component of psychosocial support, the use of treatment satisfaction scales, distress scales, or quality of life scales may illustrate effects on outcomes that reflect the affective component of coaching.
Discussion
Diabetes coaching is not a novel health intervention; rather, it is an intervention that requires further explication to understand where, when, and how it can support individuals living with diabetes in an already complex health system. The present review of the state-of-theevidence demonstrates that there is some recognition of what diabetes coaching entails, but little agreement on what constitutes diabetes coaching. At a very precursory level, diabetes coaching comprises a variety of strategies, with most approaches comprising goal setting, diabetes knowledge acquisition, individualized care, and frequent follow-up. The proposed diabetes coaching model reported herein parallels the findings of Wolever et al. 42 regarding key behavioral interventions for health and wellness coaching: patient centeredness and collaboration, encouraging active learning, and being underscored by behavior change theory and human motivation. Thus, despite a lack of a consensus definition of "health coaching," diabetes coaching parallels the literature, with an emphasis on diabetes context in addition to improved health and well being.
Furthermore, most studies included in the present analysis demonstrated the effectiveness of coaching as an intervention on glycemic control as an outcome measure. However, future consideration regarding coaching evaluation measures may align with comprehensive diabetes care measures, such as Healthcare Effectiveness Data and Information Sets (HEDIS) 43 process outcomes related to achieving glycemic control targets (HbA1c), retinal eye examinations, screening and treatment for nephropathy, and achieving optimal blood pressure control for diabetes according to the recommended targets.
Finally, the results of the present study also highlight that diabetes coaching is still exploring the role of technology, with only two studies leveraging technology. 35, 37 Moving forward, diabetes coaching may include sophisticated Internet-based platforms or applications (apps) that support the collection and analysis of behaviors and clinical markers to support patient accountability, initiation, and maintenance of behavior changes 42 . However, diabetes coaching may also use technology similar to that used in risk-modification studies that used technology to support one of the major components of coaching: education. 42 Therefore, skills-based training and knowledge acquisition may be delivered and supported through standardized educational content via technology, allowing the diabetes coach to focus on processes and components that require carefully nuanced and tailored support and care.
The present study is not without limitations. First, although multiple databases for diabetes coaching literature were comprehensively searched, only studies published in English were included. Second, only those studies that demonstrated either clinical or statistical significance for coaching were included; thus, the present review is limited in the reporting of patient-relevant outcomes in the literature, such as quality of life and/or self-efficacy. However, the present study does have strengths. This is the first comprehensive evidence-based review of diabetes coaching using a complex health service interventions checklist (i.e. the TIDieR checklist) to explicate what diabetes coaching is. Second, rigorous systematic review procedures were used that are consistent with conducting high-quality reviews, such as comprehensive search strategies and citation screening and data extraction in duplication. Finally, the present study adds to the growing body of literature related to diabetes coaching, specifically by describing the components of diabetes coaching. As a result of the paucity of evidence, additional research examining the fidelity of coaching, including training, implementation, and adaptation of diabetes coaching across different health system settings, is also needed to consider the contextual factors that may facilitate or hinder the adoption and uptake of coaching at a system, clinical or patient level.
Finally, further research is needed to examine the structure, process, and impact of coaching on additional diabetes-related outcomes, such as healthcare utilization, quality of life, and self-efficacy.
